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Background: The quality of drinking water has an important role in human infection and disease. This study was
aimed at comparing polymerase chain reaction and culture in detecting Escherichia coli, Salmonella species and
Vibrio cholera in tape water and bottled drinking water in various seasons in Isfahan province, Iran.
Methods: A total of 448 water samples from tap water and bottled mineral water were taken over 6 months, from
July 2010 to December 2010, and after filtration, samples were examined by culture and polymerase chain reaction
methods for detection of Escherichia coli, Salmonella species, and Vibrio cholerae.
Results: The culture method showed that 34 (7.58%), 4 (0.89%) and 3 (0.66%) of all 448 water samples were
positive for Escherichia coli, Salmonella species, and Vibrio cholera, respectively. The uidA gene from Escherichia coli,
IpaB gene from Salmonella species, and epsM gene from Vibrio cholera were detected in 38 (26.38%), 5 (3.47%), and
3 (2.08%) of 144 tap-water samples, respectively. Escherichia coli was detected in 8 (2.63%) of 304 samples of bottled
drinking water from 5 companies. The water of southern part of Isfahan and company 5 had the highest
prevalence of bacteria. The Escherichia coli water contamination was significantly higher (P < 0.05) in the hot
seasons (July-August) than cold (November-December) seasons and in company 5 than other companies. There
were significant differences (P < 0.05) for the prevalence of bacteria between the tap waters of southern part and
tap waters of central part of Isfahan.
Conclusions: This study showed that the polymerase chain reaction assays can be an extremely accurate, fast, safe,
sensitive and specific approach to monitor drinking water quality from purification facilities and bottled water
companies. Also, our study confirmed the presence of Escherichia coli, Salmonella species, and Vibrio cholerae as
water-borne pathogens in tap water and bottled drinking water of Isfahan, Iran. The present study showed the
important public health problem in Isfahan, Iran.
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Despite modern techniques for disinfection, sanitation,
and water purification, waterborne diseases still threaten
human health. For all living organisms, water is the most
vital and important matter for survival [1]. Today, in many
under-developed and even developing countries, water-
borne diseases still pose a major risk in drinking water. To
the authors’ knowledge, the safety of commercial drinking* Correspondence: hamomtaz@yahoo.com
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reproduction in any medium, provided the orwater is generally dependent on the disinfection of nat-
ural water used at the factory. Sewage and pesticides
can easily contaminate drinking water supplies. There-
fore, monitoring the microbiological quality of drinking
water is essential.
Studies showed that ingestion of water contaminated
with coliforms such as Escherichia coli (E. coli), Sal-
monella species (Salmonella spp.), and Vibrio cholerae
(V. cholerae) can create serious complications including
diarrhea, enteritis, and even death, leading to high eco-
nomic losses [2-6]. Salmonella spp., V. cholerae, and E.
coli are classified as zoonotic agents. These bacteria arel Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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age can be sources of these bacteria. Contaminated
water plays an important role in transmission of bacteria
to humans. Using accurate, fast, safe, reliable, sensitive,
and specific diagnostic methods in water purification
facilities can have a decisive impact on ensuring the
absence of microbial pathogens in tap water and bottled
drinking water.
Among all diagnostic techniques such as culture, ser-
ology, and molecular methods, the last one is the fastest
[7]. Molecular methods have high sensitivity [8], specifi-
city [9] and safety [10]. Nonetheless, culture methods re-
main popular because of their ease and simplicity.
Polymerase Chain Reaction (PCR) is one of the most
widely used molecular methods for detection of a wide
variety of microorganism in various clinical samples.
The PCR assays have been developed for detection of
Salmonella spp.,V. cholerae, and E. coli in a wide variety
of sample types such as water [4], food [11-13], milk
[14,15], and stool [16-18].
The purposes of this study were to detect Salmonella
spp., V. cholerae, and E. coli in tap water and bottled
drinking water in Isfahan, Iran, and to introduce PCR




Isfahan province -with population of 4,800,000 and an
area of 291,107,044 square kilometers - is the second
big province of Iran and is located in central part of
Iran among Iran’s central mountains and eastern hillside
of the Zagros Mountains at the margin of Zayande-
rood River.
The drinking water of this province is supplied from
Zayande-rood River which is considered as surface
water. It is probable that this water is contaminated with
industrial and urban sewerage at the margin of this river.
To our knowledge, except refinement (filtering and
chlorine dissipate), there are no hygienic activities (for
example radiation on drinking water) for control the
quality of drinking water in Isfahan. Also, this river is
the only watercourse of companies producing bottled
drinking water in this province. Therefore, one of the
sources of microbial contamination (such as Escherichia
coli, Salmonella spp., and Vibrio cholerae) in this area is
water. Besides, most of hospitals, especially at the central
part of Isfahan, use from this water and it is important
to free from any pathogens. In this study, total of 448
tap-water and bottled drinking water were examined
over a period of 6 months, from July 2010 to December
2010. Totally, 144 tap-water samples were collected
from four different geographical regions of Isfahan prov-
ince. For each region, 36 samples were collected in1000 mL glass bottles containing 0.5 g of sodium thio-
sulphate for dechlorination of the water. Also, 304 bot-
tled drinking water were purchased from a five different
companies, which use the same water system, the day
that the experiment was conducted.
Bacterial isolation and biochemical tests for the
identification of E. coli, Salmonella spp., and V. cholera
For Vibrio cholerae isolation, two liters of water were fil-
tered through 0.22 μm membranes, using 12 to 15 mem-
branes per sample. Membranes were subsequently
incubated in 100 mL of alkaline peptone water, pH 8.6,
for 6-8 h at 35°C. Two loopfuls of broth were streaked
on Thiosulfate Citrate Bile agar (TCBS agar, Difco) and
incubated for 18 h at 37°C. Six to 12 typical colonies
(yellow and 1 to 3 mm diameter) were transferred to nu-
tritive soft agar (T1N1, 0.75% agar) and incubated for
24 h at 37°C. All colonies were stored at room
temperature for further testing.
For Salmonella spp. Isolation, water was filtered
through each Sterivex unit until the 0.22 μm pore-size
membrane became occluded. Three filters were prepared
at each site as follows. After the desired 1.5 L of water
was filtered, water remaining inside the filter housing
was forced out with a 50 mL syringe, and 2 mL of buff-
ered peptone water BPW was added into the housing
with a 20 mL syringe equipped with a 25 gauge, 5/8-in.
[1.6-cm] needle. The entry and exit ports of the filter
unit were capped, and the filter unit was incubated at
25°C for 4 h. After pre enrichment, 1 mL of the BPW
was drawn off each filter and replaced with 1 mL of ei-
ther 2 × Rappaport Vassilia (RV broth), 2 × Rappaport
Vassilia Novobiocin (RVN) broth, or 2 × Dulcitol Selenite
(DS) broth. After incubation at 43°C for 24 h, a loopful
of each enrichment broth was streaked onto Xylose Ly-
sine Decarboxylase- Novobiocin (XN) agar, Tryptic Soy
Brilliant Green (TSBG) agar, and Tryptic Soy Brilliant
Green- Sucrose (TSBG-S) agar. Plates were incubated at
43°C, and salmonella-like colonies were picked at 24
and 48 h and inoculated into Triple Sugar Iron (TSI)
agar slants. The slants were incubated at 43°C for 24 h,
and isolates which fermented only glucose were inocu-
lated onto API 20E test strips (Analytab Products,
Plainview, N.Y.) for identification to the Salmonella spp.
For E. coli isolation from water samples, each sample
was labeled to show serial number, place of water, type
of water as well as time and date of collection. Examin-
ation of the water samples was completed within
24 hours after collection using Standard Total Coliform
Multiple-Tube (MPN) Fermentation Techniques. After
determination of MPN the tubes showing growth were in-
oculated onto MacConkey, and EMB agar plates (Merck).
After 24 h incubation at 35°C ± 0.5°C for 24 h ±2 h gram-
negative microorganisms were isolated from MacConkey
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using cytochrome oxidase, triple sugar iron agar, urea and
indole tests as putatively E. coli.
DNA extraction and PCR conditions
Purification of DNA directly from water samples filtered
was achieved using a Genomic DNA purification kit
(Fermentas, Germany) according to the manufacturer’s
instructions.
Oligonucleotide primers specific for the uidA gene of
E. coli encoding for beta-D-Glucuronidase (Forward: 5′-
AAAACGGCAAGAAAAAGCAG-3′ and Reverse 5′-
ACGCGTGGTTAACAGTCTTGCG-3′) [19], the ipaB
gene of Salmonella spp. encoding the invasion plasmid
antigen B (Forward : 5′-GGACTTTTTAAAAGCGGC
GG-3′ and reverse: 5′-GCCTCTCCCAGAGCCGTC
TGG-3′) [8] and the epsM gene of V. cholerae encoding
the enterotoxin extracellular secretion protein of toxi-
genic V. cholera (Forward : 5′- GAATTATTGGCTC
CTGTGCAGG-3′ and reverse: 5′-ATCGCTTGGCGCA
TCACTGCCC-3′) [8] were used, as they have been
reported to be specific for the respective bacteria.
For detection of E. coli O157:H7 serotype as major
pathogen in E. coli isolates PCR assay was used based
on the method which was described previously by
Fode-Vaughan et al. [20]. Therefore, all of the positive
E. coli strains were tested for presence of E. coli O157:
H7 serotype.
The PCR reactions were performed in a total volume
of 25 μL, including 1.5 mM MgCl2, 50 mM KCl, 10 mM
Tris-HCl (pH 9.0), 0.1% Triton X-100, 200 μM dNTPs
each (Fermentas), 25 pmoL of each V. cholerae specific
primer or 50 pmoL of each of the E. coli- or Salmonella
spp.-specific primers, 1.5 U of Taq DNA polymerase
(Fermentas), and 3 μL (40-260 ng/μL) of DNA. Amplifica-
tion reactions were carried out using a DNA thermo-cycler
(Eppendorf Mastercycler 5330, Eppendorf-Nethel-Hinz
GmbH, Hamburg, Germany) as following: for V. cholerae
and E. coli: heat denaturation at 94°C for 2 min followed
by 25 cycles of heat denaturation at 94°C for 1 min,
primer annealing at 58°C for 1 min and DNA extension at
72°C for 1 min. After the last cycle, the samples were kept
at 72°C for 2 min to complete the synthesis of all
strands [4]. The PCR amplification for Salmonella spp.
was performed as described by Kong et al. (2002): heat
denaturation at 94°C for 2 min followed by 35 cycles of
heat denaturation at 94°C for 1 min, primer annealing at
62°C for 1 min and DNA extension at 72°C for 2.5 min.
This was followed by incubation at 72°C for 10 min and
cooling at 4°C. Amplified samples were analyzed by
electrophoresis (120 V/208 mA) in 1.5% agarose gel and
stained by ethidium bromide. A molecular weight marker
with 100 bp increments (100 bp ladder, Fermentas) was
used as size standard.Sequencing
In order to confirm the PCR results, a sequencing
method was used. For this reason, PCR products of
some positive samples were purified with a High Pure
PCR Product Purification Kit (Roche Applied Science,
Penzberg, Germany) according to the manufacturer’s
recommendations. Single DNA strands were sequenced
with an ABI 3730 XL device and Sanger sequencing
method (Macrogen, Seoul, South Korea). The sequence
of each gene was aligned with the gene sequences
recorded in the GenBank database on the NCBI.Statistical analysis
Statistical analysis was performed using SPSS/18.0 soft-
ware for significant relationship between hot and cold
seasons for occurrence of bacteria in water. Chi-square
test was performed and differences were considered sig-
nificant at values of P value < 0.05.Results and discussion
Due to the large area (291,107,044 square kilometers)
and dry and desert climate of the province, samples were
collected from four different regions of the province in
various seasons, and from 5 drinking water companies.
The culture technique showed that 34 (23.61%), 4
(2.77%) and 3 (2.08%) out of 144 tap water and only 7
(2.3%) out of 304 bottled drinking water were positive
for presence of E. coli, Salmonella spp., and V. cholerae,
respectively. The results of the PCR techniques showed
that the specific uidA, IpaB, and epsM gene targets of E.
coli, Salmonella spp., and V. cholera were detected in 38
(26.38%), 5 (3.47%), and 3 (2.08%) of 144 tap water sam-
ples, respectively. (The positive samples for V. cholerae
have been obtained by testing on river’s water). Only the
uidA gene from E. coli was detected in 8 (2.63%) of 304
samples of bottled drinking water (Table 1). There were
no O157:H7 serotype between the E. coli isolates.
In the southern area of Isfahan, 44.44%, 5.55%, and
8.33% of tap water samples were positive for E. coli, Sal-
monella spp., and V. cholera, respectively. Totally, 7.24%
of the samples of company 5 were positive for E. coli.
The southern area of Isfahan and company 5 had the
highest incidence of water contamination. Our results
showed that all of the 34 E. coli, 4 Salmonella spp., and
3 V. cholera isolates in culture methods, had also posi-
tive PCR results. All of the 7 E. coli isolates, had a posi-
tive PCR results. Besides, the PCR method detected E.
coli and Salmonella spp., in 4 and 1 samples more than
the culture method in tap water. Also, the PCR tech-
nique detected E. coli in one bottled drinking water sam-
ple more than the culture method. Therefore, the PCR
method had a higher accuracy for detection of these bac-
teria in water samples.
Table 1 Distribution of Escherichia coli, Salmonella spp.,
and Vibrio cholerae tap-water and bottled mineral water-
positive samples from Isfahan province, Iran
Sample water Area E. coli
Salmonella spp.
V. cholerae*
Western Isfahan (n = 36) 10
2
-
Tap-water Central Isfahan (n = 36) 2
1
-
(n = 144) Northern Isfahan (n = 36) 10
-
-
Southern Isfahan (n = 36) 16
2
3
Total (n = 144) 38 (26.38%)
5 (3.47%)
3 (2.08%)
Bottled mineral water Company 1 (n = 56) -
-
-
(n = 304) Company 2 (n = 61) 3
-
-
Company 3 (n = 46) -
-
-
Company 4 (n = 42) -
-
-
Company 5 (n = 69) 5
-
-
Total (n = 304) 8 (2.63%)
-
-
Total (n = 448) Total (n = 448) 46 (10.26%)
5 (1.11%)
3 (0.66%)
*Number of positive samples.
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samples were collected in different seasons correspond-
ing to July-August, September-October, and November-
December. Among the tap water samples, 27 (18.75%),14 (9.72%), and 5 (3.47%) were positive for these bacteria
in the three seasons, respectively (Table 2).
Among the bottled drinking water samples, 4 (1.31%),
3 (0.98%), and 1 (0.32%) were positive in July-August,
September-October, and November-December, respect-
ively (Table 2). The tap water and bottled drinking water
samples collected in July-August had the highest fre-
quency of contaminating with these bacteria.
Statistical analysis showed a significant difference (P =
0.039) for the presence of bacterial contaminants be-
tween tap water from the southern part and those from
central part of Isfahan. There was also a significant dif-
ference (P = 0.027) between the number of positive sam-
ples of bottled drinking water from company 5 and
other companies. Besides, the number of contaminated
tap water samples was significantly higher (P = 0.037) in
July-August versus November-December. Totally, 46
(10.26%), 5 (1.11%), and 3 (0.66%) samples out of the
448 tap water and bottled drinking waters, were positive
for E. coli, Salmonella spp., and V. cholerae, respectively.
Totally, 31 (6.91%), 17 (3.79%) and 6 (1.33%) of the sam-
ples were positive for the bacterial contamination in July-
August, September-October, and November-December,
respectively.
In summary, the present study showed that E. coli,
Salmonella spp., and V. cholerae are frequently isolated
in water from the southern part of Isfahan province, and
there were significant differences for the number of con-
taminated samples between the hot (July- August) the
and cold (November-December) seasons (P < 0.05).
Our study showed that the PCR methods were more
accurate, safe and rapid than culture methods. Analysis
of data showed that the sensitivity and specificity of
the PCR methods were higher than the culture assays
(Tables 3, 4 and 5). Based on this table the sensitivity
and specificity of the PCR method for detection of E.
coli, Salmonella spp. or V. cholera in all 448 water sam-
ples were 100% and 99%, 100% and 99.7% and finally
100% and 100%, respectively. In addition to lower sensi-
tivity and specificity of the culture method, this assay
has the high risk for laboratories, low-speed, high time
consuming and complexity of doing. Therefore, it is not
recommended for isolation of E. coli, Salmonella spp., or
V. cholera bacteria in drinking water.
The presence of E. coli, Salmonella spp., or V. cholerae
in drinking water is a threat to human health. These
bacteria can cause haemorrhagic colitis [21], diarrhea,
nausea, abdominal cramps, fever, and vomiting [22], and
cholera [23], respectively. The tap waters of Isfahan
province are contaminated with these three pathogens. Pre-
vious study indicated that water borne diseases are respon-
sible for about 20% of all deaths in children fewer than
5 years of age [24]. Several studies have been reported a sta-
tistically significant increase in gastrointestinal illness in
Table 2 Distribution of Escherichia coli, Salmonella spp., and Vibrio cholerae tap-water and bottled mineral water-
positive samples from Isfahan province, Iran in different seasons
Sample water Area July-August* September-October November-December Total positive
Western Isfahan (n = 36) 8 4 0 12 (33.33%)
Tap-water Central Isfahan (n = 36) 2 1 0 3 (8.33%)
(n = 144) Northern Isfahan (n = 36) 7 1 2 10 (27.77%)
Southern Isfahan (n = 36) 10 8 3 21 58.33%)
Total (n = 144) 27 14 5 46 (31.94%)
Bottled mineral water Company 1 (n = 56) 0 0 0 0 (0.0%)
(n = 304) Company 2 (n = 61) 2 1 0 3 (4.91%)
Company 3 (n = 46) 0 0 0 0 (0.0%)
Company 4 (n = 42) 0 0 0 0 (0.0%)
Company 5 (n = 69) 2 2 1 5 (7.24%)
Total (n = 304) 4 3 1 8 (2.63%)
Total (n = 448) Total (n = 448) 31 (6.91%) 17 (3.79%) 6 (1.33%) 54 (12.05%)
*Number of positive samples.
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types of coliform bacteria [25]. Therefore, checking the load
of contaminants in water supplies and using the accurate
techniques for disinfection is very important.
The Zayande-rood River is the main water source
for some provinces of Iran including some areas of
Chaharmahal Va Bakhtiari, Isfahan, Yazd, Ghom, and
Kerman. This river comes from the Zagros Mountains.
After passing through several towns, agricultural land,
and industrial areas, reaches to the Isfahan steel company
and then enters the Isfahan purification facility. Several
sources of pollution exist along the path of the river. To
our knowledge, the main sources of water pollution are
probably the Isfahan steel company, towns, industrial
factories and agricultural lands along the river. Although
it seems unlikely, even pollution at the source of the river
in the mountains can contaminates the drinking water in
Isfahan province. Poor adherence to the principles of
water purification and disinfection in the Isfahan water
purification facility and the five mineral water companies
may play important roles in contamination of drinking
water. The water source, proper hygiene of workers at
drinking water production facilities, and use of microbio-
logical tests can contribute to reducing the microbial load
of bottled drinking water.Table 3 Study the sensitivity and specificity of PCR
method for detection of E. coli
Culture positive Culture negative Total
PCR positive 34*a) 4 c) 38
PCR Negative 0 b) 410**d) 410
Total 34 a+b) 414 c+d) 448
*Sensitivity = aÞaþbÞ = 100%.
**Specificity = dÞcþdÞ = 99%.The E. coli, Salmonella spp., and V. cholerae are found
almost everywhere. Infected humans and animals, sew-
age, soil, and even aquaculture can be sources of water
bacterial contamination. Several studies indicated that E.
coli, Salmonella spp., and V. cholerae can infect many
species of fish [26-28]. Death or disease due to enteric
pathogens in fish populations can release these bacteria
into the water. River water contains plentiful nutrients
for bacterial growth. Plant material, fish and animal car-
casses, garbage, and even urban sewage provide nutri-
ents needed by bacteria for survival and growth.
To the best of our knowledge, the present study is the
first report of detection of E. coli, Salmonella spp., and
V. cholerae in tap water and bottled drinking water in
Iran. The observed prevalence of enteric bacteria in
drinking water is one of the highest reported. Our re-
sults indicated a regional public health problem for
those that use Zayande-rood River water and even some
bottled drinking water. The results of this study showed
that Isfahan’s drinking water is polluted, and serious
steps are needed to solve the problem.
According to recommendations from the WHO
(World Health Organization), CAWST (Center for Af-
fordable Water and Sanitation Technology) and previous
studies, drinking water must be free from E. coli,Table 4 Study the sensitivity and specificity of PCR
method for detection of Salmonella species
Culture positive Culture negative Total
PCR positive 4*a) 1 c) 5
PCR Negative 0 b) 443**d) 443
Total 4 a+b) 444 c+d) 448
*Sensitivity = aÞaþbÞ = 100%.
**Specificity = dÞcþdÞ = 99.7%.
Table 5 Study the sensitivity and specificity of PCR
method for detection of V. cholerae
Culture positive Culture negative Total
PCR positive 3*a) 0c) 3
PCR Negative 0b) 445**d) 445
Total 3a+b) 445c+d) 448
*Sensitivity = aÞaþbÞ = 100%.
**Specificity = dÞcþdÞ = 100%.
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PCR assays as an accurate, safe, rapid, and trustworthy
approach for microbial testing of drinking water.
The results of our study are generally in agreement
with a recent report in South Africa [4], but they used
samples from ground and surface waters while we
reported a higher public health hazard. Momba et al. [4]
reported that 75% and 25% of ground water samples
were positive for E. coli and V. cholerae, respectively
while only 25% of the surface water samples were posi-
tive for these bacterial strains. The results of the present
study are in agreement with our previous investigation
[5] which showed that the low microbial quality of
drinking water in Isfahan province, Iran. Therefore, the
occurrence of these bacteria in drinking water in Isfahan
province is due to the fact that may be some of the
water quality control systems need to be applied and
performed in Iran.
In a recent study in New York, Salmonella spp. were
detected in 12 (75%) of 16 study sites, and the authors
noted that Salmonella spp. often are not detected in water
samples by culture methods, even when they are present
in significant numbers [32]. In Sudan, only 1 (0.25%) of
400 water samples was positive for V. cholerae [23], and in
a study in the Netherlands, the E. coli was detected in 2
(7.4%) of 27 water samples collected between April to July
2004 [33]. The prevalence of bacterial contamination in
these studies was lower than our investigation. Our results
showed that 3 (0.66%) of 448 water samples were positive
for V. cholerae. This bacterium was more frequent (66% of
samples) in a study in Peru [34]. Studies showed that the
salinity of water can affect the distribution of V. cholerae
[34]. However, waters of the Zayande-rood River and the
bottled drinking water in our study were fresh. Therefore,
salinity does not play a significant role in presence of V.
cholerae. Our results showed that water pollution in the
warm months of the year is higher than the cold months.
Similar seasonal patterns have been reported previously
[35-37]. However, several studies had the difference sea-
sonal pattern [38-40].
Conclusion
We conclude with several general observations. First, if
current conditions continued, water borne diseases willpose a serious public health problem in Isfahan province
of Iran (especially the southern parts of Isfahan). Second,
proper application of PCR techniques provides an accur-
ate, safe, sensitive, specific, and fast diagnostic method
that can be used to monitor the microbial load of drink-
ing water. Third, constructing a database on the autoch-
thonous microbial flora of each bottled drinking water
source may allow quick identification of all autochthon-
ous bacteria. Fourth, water pollution in Isfahan province
of Iran has a seasonal pattern. Therefore, improving hy-
giene in warm seasons of the year is more essential. To
our knowledge, using multiple filters on the sewage ef-
fluent pipes from factories, the Isfahan steel company,
and aquaculture farms located along the Zayande-rood
River may reduce the water pollution load. Finally, it can
be concluded that the occurrence of Salmonella spp., E.
coli and V. cholerae in tape-water and especially bottled
drinking water in Isfahan province, Iran is due to the
fact that may be some good manufacturing practices
(GMPs), food safety and quality standards (good agricul-
tural practices (GAPs), and the hazard analysis and crit-
ical control point (HACCP) system need to be applied
and performed in most of Iranian factories or even re-
finery rooms to control growth of bacteria during
harvesting, distribution and storage periods. The prop-
erly chlorinated of water should be monitored; storage
and testing the microbial quality of drinking water
should be modified according to what has been observed
in the models. Therefore, many studies should have been
performed on different Iranian drinking waters for study
the presence of various water-borne pathogens.
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